Electromagnetic radiation produces frame dragging by Herrera, L. & Barreto, W.
ar
X
iv
:1
20
6.
04
13
v2
  [
gr
-q
c] 
 6 
Au
g 2
01
2
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It is shown that for a generic electrovacuum spacetime, electromagnetic radiation produces vor-
ticity of worldlines of observers in a Bondi–Sachs frame. Such an effect (and the ensuing gyroscope
precession with respect to the lattice) which is a reminiscence of generation of vorticity by grav-
itational radiation, may be linked to the nonvanishing of components of the Poynting and the
super–Poynting vectors on the planes othogonal to the vorticity vector. The possible observational
relevance of such an effect is commented.
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I. INTRODUCTION
Nowadays high–accuracy experiments in space can test
relativistic gravity. These endeavours surely should lead
to direct detection of gravitational waves [1]. Particu-
larly interesting are the frame dragging observations us-
ing cryogenic gyroscopes in Gravity Probe B searches
[2] and from data provided by LAGEOS satellites [3, 4].
These successful experiments have fundamental implica-
tions for general relativity since frame dragging is one of
the most conspicuous general relativistic effect [5]. Fur-
thermore, they are also very important in astrophysics
because the frame dragging has been invoked as a mech-
anism to drive relativistic jets emanating from galactic
nuclei [6]. Dual jets are expected for inspiral supermas-
sive binary black hole systems which produce prodigious
quantities of gravitational waves and energetic electro-
magnetic events [7], which in some way have to be closely
related. Less impressive outcomes but of utmost impor-
tance are the intense electromagnetic outbursts from hy-
perenergetic phenomena such as collapsing hypermassive
neutron stars [8] and Gamma Ray Bursts [9].
Now, it is a well established fact that gravitational ra-
diation produces vorticity in the congruence of observers
with respect to the compass of inertia [10]–[14]. Since
the vorticity vector decribes the proper angular veloc-
ity of the compass of inertia (gyroscope) with respect to
reference particles [15], it is clear that a frame dragging
effect is associated with gravitational radiation.
In [14] it was further shown that such a vorticity is
closely related to the non–vanishing of super-Poynting
vector components on the plane orthogonal to the vor-
ticity vector. Later it was shown that the vorticity ap-
pearing in stationary vacuum spacetimes is also related
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to the existence of a flow of superenergy on the plane
orthogonal to the vorticity vector [16].
The rationale to link vorticity and the super-Poynting
vector comes from an idea put forward by Bonnor in or-
der to explain the appearance of vorticity in the space-
time generated by a charged magnetic dipole [17]. In-
deed, Bonnor observes that for such a system there ex-
ists a non–vanishing component of the Poynting vector,
describing a flow of electromagnetic energy round in cir-
cles [18]. He then suggests that such a circular flow of
energy affects inertial frames by producing vorticity of
congruences of particles, relative to the compass of iner-
tia. Later, this conjecture was shown to be valid for a
general axially symmetric stationary electrovacuum met-
ric [19].
In [13] it was suggested for the first time that a similar
mechanism might be at the origin of vorticity in the grav-
itational case, i.e. a circular flow of gravitational energy
would produce vorticity. However due to the well known
problems associated to a local and invariant definition of
gravitational energy it was unclear at that time what ex-
pression for the “gravitational” Poynting vector should
be used. Following a suggestion by Roy Maartens to one
of us (L.H.) we tried in [14] with the super–Poynting
vector based on the Bel–Robinson tensor [20]–[23]. Do-
ing so we were able to establish the link between grav-
itational radiation and vorticity, invoking a mechanism
similar to that proposed by Bonnor for the charged mag-
netic dipole.
Our purpose with this work is to tie up an important
loose end related to this problem, namely: Does electro-
magnetic radiation produces vorticity?, and if so can we
explain such vorticity through a Bonnor–like mechanism?
We shall analyze a generic electrovacuum spacetime
following the scheme developed by van der Burg [24],
which is an extension of the Bondi formalism [25, 26] as
to include electromagnetic fields. After a brief review
of van der Burg paper we shall proceed to calculate the
vorticity, the Poynting and the super–Poynting vectors.
Based on the analysis of the obtained results we shall
2then answer the two questions raised above.
II. ASYMPTOTIC EXPANSIONS FOR THE
EINSTEIN–MAXWELL FIELD
In [24] van der Burg presents a generalization of the
Bondi–Sachs formalism for the Einstein–Maxwell system.
This has, among other things, the virtue of providing a
clear and precise criterion for the existence of gravita-
tional and electromagnetic radiation. Namely, if the news
functions (gravitational and/or electromagnetic) are zero
over a time interval, then there is no radiation (gravita-
tional and/or electromagnetic) during that interval.
The formalism has as its main drawback [27] the fact
that it is based on a series expansion which could not give
closed solutions and which raises unanswered questions
about convergence and appropriateness of the expansion.
However since we shall consider regions of spacetime very
far from the source, we shall use in our calculations only
the leading terms in the expansion of metric functions.
Furthermore, since the source is assumed to radiate dur-
ing a finite interval, then no problem of convergence ap-
pears [28].
The general form of the metric in the Bondi–Sachs for-
malism can be written as [26]
ds2 =
(
e2β
V
r
− r2hABUAUB
)
du2 + 2e2βdudr
+ 2r2hABU
BdudxA − r2hABdxAdxB , (1)
where all the metric components are functions of x0 = u,
x1 = r, x2 = θ, x3 = φ. β is the expansion of outward
null rays, V the Newtonian like potential. If we make
a 2 + 1 foliation doing constant r, e2βV/r is the lapse,
UA the shift and hAB the 2–surface metric of constant
u, satisfying hABhBC = δ
A
C . u is a timelike coordinate,
constant along outgoing radial null geodesics, while r is
a luminosity–distance parameter.
The electromagnetic field is characterized by a skew–
symmetric tensor Fµν giving rise the energy–momentum
tensor Tµν defined by
Tµν =
1
4
gµνFγδF
γδ − gγδFµγFνδ, (2)
being gµν the metric tensor given by (1). The Einstein–
Maxwell field equations for the electro–vacuum spacetime
outside the source are
Rµγ + Tµγ = 0, (3)
F[µν,δ] = 0, (4)
Fµν;ν = 0, (5)
where Rµγ is the Ricci tensor. Note that the units used
are 16πG = c = 1. Our purpose here is to extract general
information from the radiative zone, at J+ (future null–
infinity), where the well known asymptotic expansion in
power of r−1 of Bondi seems to be the most convenient
and precise.
The metric (1) can be written as follows [29]
ds2 = (V r−1e2β − r2e2γU2 cosh 2δ − r2e−2γW 2 ×
cosh 2δ − 2r2UW sinh 2δ)du2 + 2e2βdudr + 2r2 ×
(e2γU cosh 2δ +W sinh 2δ)dudθ + 2r2(e−2γW ×
cosh 2δ + U sinh 2δ) sin θdudφ− r2(e2γ cosh 2δdθ2
+e−2γ cosh 2δ sin2 θdφ2 + 2 sinh 2δ sin θdθdφ), (6)
if we choose the gauge of Bondi, det(hAB) = det(qAB),
where qAB is the unit 2–sphere metric; γ, δ, U , W are
functions of (u, r, θ, φ). In the present case the space-
time is asymptotically flat and necessarily Minkowskian
by construction.
The procedure follows the script established by Bondi
et al. [25]. Thus, four functions are assumed to be ex-
panded as power series in negative powers of r, and pre-
scribed on a hypersurface u = u0 =constant, namely (see
[24] for details)
γ = cr−1 +
[
C − 1
6
c3 − 3
2
cd2
]
r−3 +Dr−4 + ..., (7)
δ = dr−1 + [H + c2d/2− d3/6]r−3 +Kr−4 + ..., (8)
F12 = er
−2 + (2E + ec+ fd)r−3 + ..., (9)
F13 csc θ = fr
−2 + (2F + ed− fc)r−3 + ..., (10)
where all coefficients are functions of u, θ and φ.
Next, from (7)–(10) and a subset of field equations
(main equations), the following expressions are obtained
for metric and electromagnetic variables:
β = −(c2 + d2)r−2/4 + ..., (11)
U = − (cθ + 2c cot θ + dφ csc θ) r−2
+
[
2N + 3(ccθ + ddθ) + 4(c
2 + d2) cot θ
− 2(cφd− cdφ) csc θ] r−3
+
1
2
{3Cφ + 2C cot θ +Hφ csc θ − 6(cN + dQ)
− 4(2c2cθ + cddθ + cθd2)− 8c(c2 + d2) cot θ − 4(c2dφ
+ccφd+ 2d
2dφ) csc θ − (ǫe− µf)
}
r−4 + · · · , (12)
W = −(dθ + 2d cot θ − cφ csc θ)r−2
+[2Q+ 2(cθd− cdθ) + 3(ccφ + ddφ) csc θ]r−3
+
1
2
{3(Hθ + 2H cot θ − Cφ csc θ)− 6(cQ− dN)
− 4(2d2dθ + ccθd+ c2dθ)− 8d(c2 + d2) cot θ + 4(cφd2
+cddφ + 2c
2cφ) csc θ + (µe+ ǫf)r
−4
}
+ · · · , (13)
3V = r − 2M − [Nθ +N cot θ +Qφ csc θ − 1
2
(c2 + d2)
−(c2θ + d2θ)− 4(ccθ + ddθ) cot θ − 4(c2 + d2) cot2 θ
−(c2φ + d2φ) csc2 θ + 4(cφd− cdφ) csc θ cot θ
+2(cφdθ − cθdφ) csc θ − 1
2
(ǫ2 + µ2)]r−1
+{· · · − µ(fθ + f cot θ − eφ csc θ)}r−2 · · · , (14)
F01 = −ǫr−2 + (eθ + e cot θ + fφ csc θ)r−3 + ..., (15)
F02 = X + (ǫθ − eu)r−1 − {[E + 1
2
(ec+ fd)]u
+
1
2
(eθ + e cot θ + fφ csc θ)]θ}r−2 + ..., (16)
csc θF03 = Y + (cφ csc θ − fu)r−1 − {[F + 1
2
(ed− fc)]u
+
1
2
(eθ + e cot θ + fφ csc θ)]φ csc θ}r−2
+ · · · , (17)
csc θF23 = −µ− (fθ + f cot θ − eφ csc θ)r−1
+ · · · , (18)
where again, all coefficients are functions of u, θ and φ,
and subcript letters denote derivatives.
At this point we have nine functions of three vari-
ables which are undetermined on the initial hypersurface,
namely M,N,Q, ǫ, µ, cu, du, X, Y . However using the
remaining field equations (supplementary conditions),
equations for the u- derivatives of M,N,Q, ǫ, µ, in terms
of the prescribed functions, can be obtained. Hence if
γ, δ, F12, F13,M,N,Q, ǫ, µ are prescribed on a given ini-
tial hypersurface u = constant, the evolution of the sys-
tem is fully determined provided the four functions, re-
ferrred to as news functions, cu, du, X, Y are given for all
u. In other words, whatever happens at the source lead-
ing to changes in the field, it can only do so by affecting
news functions and viceversa. In light of this comment
the relationship between the news functions and the oc-
currence of radition becomes clear.
Furthermore, the mass fuction m(u) which coincides
with the Schwarzchild mass in the static case, is defined
by
m(u) =
∫ 2π
0
∫ π
0
M∗ sin θdθdφ, (19)
with
M∗ =M +
1
2
i(∂/∂θ + cot θ)(dθ + 2d cot θ − cφ csc θ)
− csc θ∂/∂φ(cθ + 2c cot θ + dφ csc θ). (20)
Then, introducing the intermediate complex quantities:
c∗ = c+ id, X∗ = X + iY, (21)
it follows from one of the supplementrary conditions (see
[24] for details)
mu = −
∫ 2π
0
∫ π
0
(c∗uc¯
∗
u +
1
2
X∗X¯∗) sin θdθdφ, (22)
clearly exhibiting the decreasing of the mass function in
the presence of news (bar denotes complex conjugate).
Finally, the following equations derived from the sup-
plementary conditions (Eqs.(14)–(20) in [24]) will be
used:
M∗u = −c∗uc¯∗u −
1
2
X∗X¯∗ +
1
2
L¯−1L¯−2c∗u, (23)
N∗u = L0M∗ + 2c∗L−2c∗u + L−2(c∗uc∗)− ǫ¯∗X∗, (24)
ǫ∗u = L¯−1 X∗, (25)
4C∗u = 2c
∗2c¯∗u + 2c
∗M¯∗ + L1N∗ + e∗X∗, (26)
4D∗u = −L¯−3(L2C∗ + 2c∗N∗)
+
1
3
ǫ∗L1e∗ − 2
3
c∗ǫ∗ǫ¯∗ + 4
3
E∗X∗, (27)
2e∗u = −L0c¯∗ − 2c∗X¯∗, (28)
4E∗u = −L¯−2(L1e∗ − 2c∗ǫ¯∗), (29)
where
N∗ = N + iQ, C∗ = C + iH D∗ = D + iK, ...
(30)
ǫ∗ = e+ iµ, e∗ = e + if E∗ = E + iF, ... (31)
and
Lp = −(∂/∂θ− p cot θ + i csc θ∂/∂φ). (32)
We shall next calculate the general expressions for
the vorticity, Poynting (electromagnetic) and super–
Poynting vectors for our system.
4III. VORTICITY, POYNTING AND
SUPER–POYNTING VECTORS
The vorticity vector is defined as usual by
ωα =
1
2
√−g η
αηιλuηuι,λ, ηαβγδ ≡
√−g ǫαβγδ, (33)
where ηαβγδ = +1 for α, β, γ, δ in even order, −1 for
α, β, γ, δ in odd order and 0 otherwise; uµ is the 4–
velocity vector for an observer at rest in the considered
frame. The absolute value of ωα is denoted by Ω, i.e.
Ω = |ωαωα|1/2. (34)
The electromagnetic Poynting vector is by definition
Sα = Tαβuβ , (35)
whereas the super-Poynting vector based on the Bel–
Robinson tensor, as defined in [21], is
Pα = ηαβγδE
β
ρH
γρuδ, (36)
where Eµν and Hµν , are the electric and magnetic parts
of Weyl tensor, respectively, formed from Weyl tensor
Cαβγδ and its dual C˜αβγδ by contraction with the four
velocity vector, i.e.
Eαβ = Cαγβδu
γuδ, (37)
Hαβ = C˜αγβδu
γuδ =
1
2
ηαγǫδC
ǫδ
βρu
γuρ. (38)
Let us first calculate the vorticity for the congruence
of observers at rest in (6), whose four–velocity vector is
given by uα = A−1δαu , where A is given by
A = (V r−1e2β − r2e2γU2 cosh 2δ
− r2e−2γW 2 cosh 2δ − 2r2UW sinh 2δ)1/2. (39)
Thus, (33) lead us to
ωα = (ωu, ωr, ωθ, ωφ), (40)
where
ωu = − 1
2A2 sin θ
{r2e−2β(WUr − UWr) +
[
2r2 sinh 2δ cosh 2δ(U2e2γ +W 2e−2γ) + 4UWr2 cosh2 2δ
]
e−2βγr
+ 2r2e−2β(W 2e−2γ − U2e2γ)δr + e2β[e−2β(U sinh 2δ + e−2γW cosh 2δ)]θ
− e2β [e−2β(W sinh 2δ + e−2γU cosh 2δ]φ}, (41)
ωr =
1
e2β sin θ
{2r2A−2[((U2e2γ +W 2e−2γ) sinh 2δ cosh 2δ + UW cosh2 2δ)γu) + (W 2e−2γ − U2e2γ)δu
+
1
2
(WUu − UWu)] +A2[A−2(We−2γ cosh 2δ + U sinh 2δ)]θ −A2[A−2(W sinh 2δ + Ue2γ cosh 2δ)]φ}, (42)
ωθ =
1
2r2 sin θ
{A2e−2β[r2A−2(U sinh 2δ +We−2γ cosh 2δ)]r − e2βA−2[e−2βr2(U sinh 2δ + e−2γW cosh 2δ)]u
+ e2βA−2(e−2βA2)φ}, (43)
and
ωφ =
1
2r2 sin θ
{A2e−2β[r2A−2(W sinh 2δ + Ue2γ cosh 2δ)]r − e2βA−2[r2e−2β(W sinh 2δ + Ue2γ cosh 2δ)]u
+ A−2e2β(A2e−2β)θ}. (44)
5Although algebraic manipulation by hand is feasible for
the Bondi metric, for the Bondi–Sachs one is quite cum-
bersome. Therefore we write a Maple 15 script (avail-
able upon request) which uses intrinsic procedures to
deal with tensors. We proceed in two steps. First, we
calculate and save (37), (38) and (36), using the general
form (1), that is, without using the metric function ex-
pansions (11)–(14). Second, we expand all the relevant
objects separately (metric, Weyl, electric and magnetic
parts) up to the leading order. After these two simple
steps we were able to write the output for the super–
Poynting.
We use the shift vector UA = (U,W/ sin θ) and the
2–surfaces metric of constant u
hAB =
(
e2γ cosh 2δ sinh 2δ sin θ
sinh 2δ sin θ e−2γ cosh 2δ sin2 θ
)
. (45)
In our calculations we keep these auxiliary variables, UA
and hAB, as far as was possible.
Thus, for the absolute value of ωµ we get
Ω = ΩGr
−1 + · · ·+ΩGEMr−3 + · · · , (46)
where subscripts G, GEM and EM stand for gravita-
tional, gravito–electromagnetic and electromagnetic. At
this point a remark on the meaning of this notation
is in order: “gravitational” terms refer to those terms
containing exclusively functionsM,N,Q, cu, du and their
derivatives. “Electromagnetic” terms are those contain-
ing exclusively functions ǫ, µ,X, Y and their derivatives,
whereas “gravitomagnetic” terms refer to those contain-
ing functions of either kind and/or combination of both.
It should be clear that all functions are related through
field equations, and therefore the established division is
rather formal, however the splitting as indicated is useful
for the discussion below.
In order to get some insight let us first consider the
axially and reflection symmetric case, i.e., ∂/∂φ = d =
f = H = K = F = Y = Q = 0. Thus, we obtain
ΩGEM = −1
4
[4cuMcθ + 2Nθθ + 2cuN + 3Cθu + 2N
−4(Mc)θ − (ǫe)u + 2(4M − c)Nu
−4ccθcu + 8MθM − 2(1 + 2cu)N cot2 θ
+(8cM − 8M2 − 2Nθ − 3c2)cθu
+2(3cuc
2 − 2cuNθ − 8cuM2 + 4cucM
−Ncθu − 4cM + 3cu +Nθ) cot θ], (47)
where we observe the contribution 14 (ǫe)u, which is
purely electromagnetic. This latter term together with
terms proportional to Nu and Cu may in turn be ex-
pressed through electromagnetic news (X∗) by means of
(24)–(26), and (28). Doing so we clearly identify electro-
magnetic radiation as a vorticity source.
For the angular contravariant super–Poynting com-
ponents (in the axially symmetric case) we identify
many GEM contributions. One of them is explicit, e.g.
cuu(eǫ)u in P
θ (the complete term is too long to display
here; see the appendix) whereas other terms appear by
replacing u derivatives of metric variables by means of
(23)–(32). It is remarkable the following simplification
Pφ
GEM
= − csc θcuu(µe)u. (48)
Let us now get back to the most general three–
dimensional case, where except for the leading term,
ΩG = −1
2
[
(cθu + 2cu cot θ + dφu csc θ)
2
+ (dθu + 2du cot θ − cφu csc θ)2
]1/2
, (49)
the next leading gravito–electromagnetic term is too long
to write here or anywhere (the expression is available
upon request).
However, the important point to stress here is that
ΩGEM contains electromagnetic news functions (X
∗) by
means of, for instance of terms
3 sin θc2θudφueǫu, 3cθud
2
φufµu, (50)
which are typical and selected contributing terms to
ΩGEM.
Next, we write the electromagnetic Poynting vector as
Su = SuEMr
−4 + SuGEMr
−5 · · · , (51)
Sr = SrEMr
−2 + SrGEMr
−3 + · · · , (52)
Sθ = SθEMr
−4 + SθGEMr
−5 + · · · , (53)
Sφ = Sφ
EM
r−4 + Sφ
GEM
r−5 + · · · , (54)
where
SuEM =
1
2
(µ2 + ǫ2), (55)
SuGEM = (µf − ǫe) cot θ − (ǫfφ + µeφ) csc θ
+µfθ +MS
u
EM − ǫeθ, (56)
SrEM = X
2 + Y 2, (57)
SrGEM = −2Xeu +MSrEM + 2Xǫθ − 4dXY
+2c(Y 2 −X2)− 2Y fu + 2Y cφ csc θ, (58)
SθEM = ǫX + µY, (59)
SθGEM = −(Y eφ +Xfφ − µcφ) csc θ − (Xe− Y f) cot θ
+MSθEM − 2ǫ(Y d+Xc) + ǫǫθ −Xeθ − µfu
+Y fθ − ǫeu, (60)
6Sφ
EM
= csc θ(ǫY − µX), (61)
Sφ
GEM
= − csc θ[(Y e+Xf) cot θ −MSφ
EM
sin θ
−(Xeφ − Y fφ + ǫcφ) csc θ + (2dǫ+ fθ)X
+(eθ − 2cǫ)Y + ǫfu + (ǫθ − eu)µ]. (62)
It is worth noticing that terms explicitly containing X∗
appear in θ and φ component of the Poynting vector.
Next, calculation of the super–Poynting gives the fol-
lowing result
Pµ = (0, Pr, Pθ, Pφ), (63)
where the explicit terms are too long to be written at
this point.
The leading terms for each super–Poynting (contravari-
ant) component are
Pu = PuG r
−4 + · · · ,
P r = P rGr
−4 + · · · ,
P θ = P θGr
−4 + · · ·+ P θGEMr−6 + · · · ,
Pφ = Pφ
G
r−4 + · · ·+ Pφ
GEM
r−6 + · · · , (64)
where
P θG = 2[2(duudu + cuucu) cot θ + cuucθu
+(cuudφu − duucφu) csc θ + duudθu], (65)
Pφ
G
= 2 csc θ[2(cuudu − duucu) cot θ + cuudθu
−duucθu − (cuucφu + duudφu) csc θ]. (66)
Other terms are too long to display. However the im-
portant point is that, again, terms containing electro-
magnetic news appear in Pµ
GEM
, as for example
cot4 θcuueǫu, cot
4 θcuufµu (67)
and
2 csc3 θ cot2 θduueǫu, csc
5 θduufµu, (68)
which are typical and selected contributing terms to the
super–Poynting components P θGEM and P
φ
GEM
respec-
tively.
It is easy to check that the stationary case satisfy well
known results, for instance, that of Bonnor or the Kerr–
Newman. Now, contributions to each relevant object are
superior for sΩ and sP
α with respect to the general (ra-
diative) case, but it is not true for sS
α which keeps the
same leading terms:
sΩ = sΩGr
−2 + · · ·+ sΩGEMr−4 + · · · (69)
sS
u = sS
u
EMr
−4 + sS
u
GEMr
−5 + · · · (70)
sS
r = sS
r
GEMr
−4 + · · · (71)
sS
θ = sS
θ
GEMr
−5 + · · · (72)
sS
φ = sS
φ
GEM
r−5 + · · · (73)
sP
u = sP
u
G r
−6 + · · · , (74)
sP
r = sP
r
Gr
−6 + · · · , (75)
sP
θ = sP
θ
Gr
−7 + · · ·+ sP θGEMr−9 + · · · , (76)
sP
φ = sP
φ
G
r−7 + · · ·+ sPφGEMr−9 + · · · . (77)
where
sΩG =
1
2
{[4(dφφcφθ − 3dθcφ) cos θ + 2(4cφθcφ − 3dθdφφ)] cos θ + [4(ddφφ − ddθθ +M2φ +M2θ + c2φθ + d2)
+(dφφ − dθθ)2] csc θ + [2(2cφθ − 3dθ cos θ)(2d− dθθ) + 4(2dcφ − 3cφθdθ − dθθcφ) cot θ + (9d2θ − d2θθ
+4(ddθθ − d2 −M2θ )) cos θ cot θ] sin2 θ + [4dφφcφ + (4(ddθθ − d2 −M2θ − ddφφ −M2φ − c2φθ + c2φ)
−d2θθ + 2dθθdφφ) cos θ] cot θ}1/2 (78)
(the expression for sΩGEM is too long to write here
or anywhere; we check that is manifestly gravito–
electromagnetic)
sS
u
EM = S
u
EM (79)
sS
u
GEM = (µf − ǫe) cot θ
−(ǫfφ + µeφ) csc θ
+µfθ − ǫeθ +MSuEM (80)
sS
r
GEM = ǫ
2
θ + c
2
φ csc
2 θ (81)
sS
θ
GEM = ǫθǫ+ cθµ csc θ (82)
sS
φ
GEM
= (cφǫ csc θ − ǫθµ) csc θ (83)
(coefficients for sP
α are too long to display anywhere).
The above expressions illustrate the Bonnor–like mech-
anism for any stationary electrovacuum solution (see [19]
for further discussion).
7IV. DISCUSSION
We have seen that electromagnetic radiation as de-
scribed by electromagnetic news functions does produce
vorticity. It is important to stress that this is so even
in the case of minimum electromagnetic degrees of free-
dom (which is one), the reflection and axially symmetric
case, when X 6= 0 and Y = 0, implying that the above
mentioned effect is generic. Since vorticity unavoidably
produces frame dragging, we have established the link
between these two physical effects. Furthermore we have
identify the presence of electromagnetic news both in the
Poynting and the super–Poynting components orthogo-
nal to the vorticity vector. Doing so we have proved that
a Bonnor–like mechanism is at work in this case too.
However it is important to emphasize that in the present
situation vorticity is generated by the contributions of,
both, the Poynting and the super–Poynting vectors, on
the planes orthogonal to the vorticity vector. It must
be stressed that the mechanism to explain how electro-
magnetic and gravitational radiation produce vorticity
invokes the concept of superenergy (its flow), which is
one of the most important concepts in general relativity
involving the congruence of observers [30].
Before proceeding further with our discussion two com-
ments are in order:
• We have clearly established the link between vor-
ticity and electromagnetic radiation, which as men-
tioned before implies a link between electromag-
netic radiation and frame dragging. This was the
main goal of our work. However we have not
calculated in detail the resulting precession rate
of a falling gyroscope under such a circumstance,
since it is out of the scope of this manuscript. It
goes without saying that for an explicit experiment
setup such a calculation should be provided.
• It should be clear that the magnitude of the men-
tioned effect is directly related to the intensity of
the electromagnetic emission (Y ∗).
Simulations from numerical relativity could shed some
light to figure out how to measure the effect reported
here. First, in the study of binary black holes dynam-
ics near electromagnetic fields and plasmas [31], it was
displayed how the system imprints characteristics on the
two induced wavebands. In the present case, as an in-
verse problem, the electromagnetic and gravitational ra-
diation produce precession (on test gyroscopes) which
has to be imprinted by the waves. Second, almost in the
same aforementioned context, it was possible to track the
precession of compact binaries from gravitational wave
signals [32], locating the frame from which the (l = 2,
|m| = 2) modes are maximized. We suppose that in the
same way as the “quadrupolar–aligned” frame is located,
the “dipolar–aligned” frame could be find from electro-
magnetic modes. This simple method can be applied to
the ensuing gyroscope precession, as reported in here.
The potential observational consequences of the re-
ported effect should be seriously considered. Indeed, as
we mentioned before, intense electromagnetic outbursts
are expected from hyperenergetic phenomena such as
collapsing hypermassive neutron stars and Gamma Ray
Bursts (see [9], [8] and references therein). Although we
are not able at the present to estimate the required sen-
sitivity of the gyroscope to measure such an effect, the
high intensity of radiation in the above mentioned sce-
narios leaves open the question about its detection with
present technology. In fact, the direct experimental evi-
dence of the existence of the Lense–Thirring effect [2–4]
brings out the high degree of development achieved in
the required technology. In the same direction point re-
cent proposals to detect frame dragging by means of ring
lasers [33–37]
Finally we would like to mention that frame dragging
produced by the so called optical vortices has been re-
cently described in the linear regime [38]. However it
should be observed that the effect reported here stems
from non–linear terms, as it can be seen from (50), (67)
and (68), bringing out the relevance of nonlinearities in
the general relativistic description of radiation.
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8Appendix: Expression for the axially and reflection symmetric P θGEM
P θGEM =
1
4
[3cθcθθucu − 4cθucucθθ − 4cuuǫue− 24cuucNu − 4cuuǫeu + 14ccθucu − 60cθucuuM2 − 32Mcθucu
−18cuuccθ − 12cθucuuNθ − 40cθucuuc2 − 24Mθccuu + 8ccθuMu − 17ccθucθθu + 12Mcθucθθu − 16cuuMcθ
+36MθcuuM + 30Mcθuccuu − 18cuuMcθcu − 112cucθccuu − 24cuuNcu + 8cuuCθu + 12Mθcu − 8cθuNθu
−4cθuMθθ − 16cuuN − 12Mcθu − 6c2ucθ + 8cuuNθθ − 8cθucuu − 16cθc2θu − 6Mθcθθu + (16cucMu − 24cuuc2
−24Mcu − 16cuCuu − 48cuuMcuc− 120cuuM2cu − 2cθuMθ + 8cθuNu − 25cc2θu − 12cuuNcθu − 8cc2u
+12Mc2θu − 8cuMθθ − 32cuucM + 24cθθuMcu − 16cuNθu − 8c2ucθθ + 8cuuNθ − 64c2uM − 41cθucθcu
+16cuuCu − 160cuucuc2 − 16cuccθθu − 24cuucuNθ) cot θ].
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